INTRODUCTION
In India, about 78 per cent of farmers are small and marginal, and are mostly poor (Agrawal 2000) . Apart from not being in a position to use the right inputs for the crops they grow, they are largely dependent on rainfall. Most crops are highly dependent on the vagaries of the monsoons. If rainfall is less than normal in a particular year, yield is very low because of the lack of water; if rainfall is Sethetal.
HEDGING RAINFALL RISK BY FARMERS GROWING SOYABEAN 201
In Rajasthan, the total production of soyabean in the 2006 kharif season was 4.930 lakh tonnes with 5.803 lakh hectares being sown with the crop.
The theoretical framework in the soyabean yield scenario is based on the model used by Simmons and Rambaldi (1997) . It builds in simplifying assumptions and includes the cost of and the gain from a possible hedge on the portion of yield variability, which could be attributed to rainfall dependence. An empirical analysis, based on the gross production of soyabean in Jhalawar, is carried out to give a rough estimate of the aggregate willingness to pay to cover yield risk.
Probably the only way to assess the inclination of soyabean-growing farmers to hedging volumetric risk attributable to the vagaries of weather is to physically carry out a survey. However, prior to this, a theoretical framework is attempted to give an estimate of the 'willingness to pay' for hedging weather risks.
THEORETICAL MODEL
The expected utility of a farmer who cultivates a crop can be expressed as:
Where E(U) is expected utility, E(S) is expected sale price, C is the cost of inputs and R is a risk premium. The risk premium can be defined using the Pratt Coefficient (Pratt 1964) of absolute risk premium, k as:
R= -E[(S-E(S))^]
So,
E(U) = E(S)-C--E[(S-E(S))']
In actuality, the risk premium, R, would be dependent on the wealth of the farmer, but we assume it to be constant as has been done in other studies (Edwards and Simmons 2004) . We consider yield in a one-year cycle, so that utility in period (is maximised with respect to the information in period, f-1. Yield is expected to follow a naive model, which includes a trend component, attributed to technological advancements (T) and a multiplicative error term (1+e) which is attributable to variation in weather. 
(where A is the area under cultivation). The selling price is taken as the MSP announced by the government-which is generally the price at which the farmer is able to sell his produce. It is assumed that selling price follows a naive model:
Where (1+/) is a multiplicative error term and S^ is the price at the start of the season.
So, income from sales = S q = s' (i+f)A(Y+aT)(l+e)
Input costs can be taken as a total quantity decided upfront, based on planned production, q^, and can be written as the sum of fixed costs and variable costs which are dependent on the amount of planned production, q^. Variable costs would mainly include the cost of seeds, fertilisers and pesticides. Fixed costs would be dependent on the area under cultivation and would include all other input costs.
So, C = CA + C q f V *t
Expected utility can be written as: 
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For maximisation of utility with respect to planned production, s-c (10)
••• H, = kSX[{e + f + efY]
We now consider the case where the farmer has an option to hedge the weather risk through purchase of weather derivatives.
We note that e and/are aberrations which can be hedged by the farmer. Whilst the farmer can hedge / by going in for forward contracts, weather insurance or weather derivatives would be the only ways to hedge e. We will, in this analysis, assume that the farmer is not as concerned with price risk as he is with volumetric risks. Thus, he will opt for hedging e to an extent within his means and his risk appetite.
We take h as the proportion of e which the farmer wants to hedge, and the cost of hedging as r, so that the amount paid by the farmer is rh. This amount will be included in the cost of inputs so that:
and income from sales
Utility at time t can be written as
First-order conditions are derived by differentiating E(UJ with respect to planned production q^ and the amount of hedging h:
and
EMPIRICAL RESULTS
We obtain the model parameters from a dataset of soyabean production, inputs, etc., for the 23-year period between 1982 and 2004 in Jhalawar. Data on the yield of soyabean was obtained from the Directorate of Economics and Statistics, Government of Rajasthan, Jaipur. Rainfall data for Jhalawar for the same period was purchased from the India Meteorological Department.
In the first place, the yield of soyabean was regressed against time in order to obtain a value for a from the trend which we attribute to technology advancements and for the value of Y. We get, Y = 0.725 tonnes/ha a = 0.017 
Correlation of Yield with Rainfall
Figures for the yield of soyabean in Jhalawar district were correlated with rainfall data in the 23 years, for the period 16 June-15 October. A positive correlation of 30 per cent was noticed, indicating a fair degree of dependence on rainfall. Similarly, residuals of Y^ indicated a positive correlation of 33.3 per cent with rainfall in the same months.
In order to calculate the variable cost of inputs, C^, the cost of seeds, fertilisers and pesticides used per tonne of soyabean produced was calculated. Data was available for 1996-97 for the costs of fertilisers and seeds required per hectare of soyabean crop. Using the yield of soyabean in the same year, the cost per tonne of the produce was arrived at and inflated to the 2003-04 levels. Also, the total amount of N-P-K fertihser consumed in 1996-97 was applied to arrive at an approximation for fertiliser used for soyabean production through a ratio of area sown vis-^-vis gross sown area. A similar calculation was carried out for pesticides, using the cost for monocrotophos pesticides. Both these input costs were inflated to 2003-04 prices. We obtained C^= 3,243 rupees per tonne.
The Pratt coefficient of absolute risk premium, k, was arrived at using the method defined by Rambaldi and Simmons (2000) . Risk premium in this study has been calculated as the difference between the expected selling price and actual selling price.
The coefficient of relative risk is arrived at from a study by Antle (1987) who carried out an econometric estimation of risk attitudes of farmers in Aurepalle village in Andhra Pradesh. The data is based on an experimental measurement of risk attitudes of farmers in the same village (Binswanger 1980) . The relative risk premium arrived at was 0.144.
The coefficient of relative risk aversion is a 'unit free' measure of risk aversion that allows comparisons between groups and results from different studies. It is measured in our study as P x /c, where P is the variable profit (S^ -C^) and k is the coefficient of absolute risk premium. This gives us: k = 2.9826X10'' These coefficient and variable values are used to solve for planned production, q^ and the amount of hedge, h. From equations (14) and (15), we get: 6477 -0.019377 q,-0.00159 q, h' + 0.00318 q, h = 0 and r -0.00159 q/ h + 0.00159 q/ = 0 On solving these two equations, we can see that as r approaches 0, h approaches 1; that is, farmers would be willing to hedge completely if the cost of hedging is zero. We also see that the amount they would be willing to hedge, h, approaches zero as the cost of hedging, r, tends to Rs 531.40 per tonne.
This translates to a theoretical willingness to pay of approximately 5.47 per cent of the MSP.
As such, we could infer that there exists a demand for weather derivatives as a shield against volumetric risk in soyabean production in Jhalawar district; it would be around 5.47 per cent of the sale price that a farmer would get from his produce.
CONCLUSION
Based on the fact that there is an element of rainfall dependency in the yield of soyabean, we see that there exists a demand for weather derivative products. This study is done for soyabean production in a selected district in Rajasthan and only indicates a theoretical demand for weather derivative products.
Farmers in other areas could possibly be willing to pay differently for weather derivatives. An ideal situation would be to carry out a survey to ascertain actual willingness to pay.
Thus, these products may need to be introduced selectively in certain areas for certain crops after area-based surveys. "We are carrying out a study to understand the awareness levels of villagers/farmers on agricultural insurance schemes. This study will further evaluate the nature of insurance demands and willingness of the respondents to pay for weather derivatives. Hence, we have come to your place to request you to participate in the interview based on the questionnaire for the purpose of this study. Your views are important to us, as they will help in designing interventions for people like you. Your participation is voluntary and you may end the interview at any time. The survey will take roughly 30 minutes to complete. Please be assured that the information given by you will be treated in strict confidentiality and will be used for research purposes only (specify) ^ira ( 
Questions and filters
Wf^ (FTC ^) (h) Crop (specify) ^qtH (7<re si)^) (c) Crop
Questions and Alters
Would you be inlercslcd in hedging risks related to the date of arrival ol" the monscxjn? This would be in the form of a weather derivative with NO payment if the monsoon arrives on or before a pre-specified date and with proportional payout (with a limit) depending on how many days late the monsoon arrives. If you were to insure your crop or purchase weather derivatives for an amount of Rs 1000, a premium or charge would have to be paid for this. We will now read out some premiums to you. Please tell us if you will be willing to pay this amount. ( Note: You can insure/ purchase weather derivatives for more than Rs 1000 -the premium would be for each Rs 1000 insured) 
Rajasthan agriculture
A significant portion of the economy of Rajasthan is agrarian. The agricultural sector of the state accounts for 22.5 per cent Of the GDP. The arid state thrives on agriculture thai is done with irrigation systems and painstaking efforts of the poor farmers of Rajasthan.
As a major portion of the state is parched and infertile, agriculture becomes very difficult.
The total cultivated area of the state encompasses about 2Q million hectares and out of this only 20% of the land is irrigated. Ground water is available only at a depth of 30 to 61m. Rajasthan farmers have to depend on different sources of irrigation that include tube wells, wells and tanks. The Punjab Rivers in the north, the Narmada River in the south and the canals from Haryana and Uttar Pradesh provide water to the dry land of Rajasthan. Northwestern Rajasthan is irrigated by the Indira Gandhi Canal.
Rajasthan has two principal crop seasons--Rabi • Kharif
The rabi crops are winter crops and are sown in the months of October and November and are harvested in the months of March and April. The principal rabi crops are wheal, gram, and pulses.
The kharif crops are the crops that are grown in the summer season and are seeded in the months of June and July. These crops are harvested in the months of September and October and include soyabean, bajra, pulses, jowar, maize and ground nuts.
The regions that are highly irrigated or receive abundant water supply are utilized for the cultivation of improved high-yielding varieties of rice.
Some places in Rajasthan see the growth of major cash crops like cotton. In some regions tobacco is also grown.
Apart from these crops, an assortment of fruits and vegetables are also grown in Rajasthan in the local gardens and some fertile regions. These fruits include oranges, guavas, lemon, pomegranates and mangoes. 
Location
Jhalwar district is situated in the south-east corner of Rajasthan at the edge of Malwa plateau. On the south-west and east it touches the border of Madhya Pradesh State. In the north, the Mukandra range, running from north-west to east forms a rough boundary between the two districts viz. Jhalawar and Kota.
Distance from major cities • Jaipur-330 kms.
• Kota-85 kms.
• Delhi-584 kms.
Climate and rainfall
• The minimum temperature in the district varies from 1 to 5 degrees.
• Maximum temperature in the district varies from 43 to 47 degrees.
• The normal annual rainfall in the district is 104.47 cm.
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Administrative setup
There are three sub-divisions, Jhalawar, Akiera, Bhawani Mandi. There are six panchayat samities Jhalrapatan, Khanpur, Pirwa, Manohar Thana, Dag and Bakani, six towns and 1,589 villages in the district. Major crops and their production 
Human resources
Administrative set up
The Tonk district at present has two sub-divisions viz. Tonk and Malpura, comprising six tehsils and six panchayat samities. 
Resources human
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Infrastructure
Water
Wells and tanks are the main source of irrigation, seasional rivers in district are Banas, Mahi, Daian, Sohadra and Bandi. These help the cultivators irrigate their lands either by using the stored water in tanks or by lifting water. The depth of underground water in the district is reported between 2 mtrs. in Niwai to 16.25 mtrs. in Tonk.
Road Transport
The total road length of Tonk district is 1,105 kms. National Highway No. 12 (JaipurJabalpur) passes through Niwai, Tonk and Deoli panchayat samitis for a distance of 111 kms. Road length in the district was 1,770 km. as on 31 March 2000. 
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